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(57) Abstract 

A molecular design method which fundamentally comprises artificially reconstructing genes by means of exon shuffle among a 
number of individuals. More particularly, this method comprises the steps of (a) synthesizing a number of polypeptides or nucleic acids 
differing in sequence from each other; (b) measuring the fitness of the synthesized polypeptides or nucleic acids on the laboratory level, (c) 
ranking the polypeptides or nucleic acids synthesized in step (a) depending on the fitness; (d) preparing a "shuffling library" of the sequences 
obtained by shuffling the partial structures among individuals selected depending on the rank; (e) synthesizing polypeptides or nucleic acids 
belonging to the above library; and (f) repeating the procedures of steps (b) to (e) arbitrary times with the use of the polypeptides or nucleic 
acids obtained in step (e). By using this method, molecules can be evolved drastically and quickly as compared with the conventional genetic 
algorithm, which makes it possible to efficiently detect functional polymers, in particular, polypeptides or nucleic acids having specific 
functions and having novel structures which never occur in nature. 
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m&Ms DNA, RNA& £3rS&, a^RHL Mf&fe&t^-o 

»$ffi:f^i^5 £ J: t- £ 3 o 

SELEX&(Ellington, A. D. & Szostak, J. W., 1990, Nature 346, 818-822; 
Tuerk, C. & Gold, L., 1990, Science 249, 505-510. )Bu mm£mzm%t % 
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©#> 7 7— ¥7 4 * TV >f&( Scott, J. K. & Smith, G. P., 1990, Science 
249, 386-390. )WJV-Ax>f X7l/^f &(Mattheakis, L. C. et. al., 1994, 
Proc. Natl. Acad. Sci. USA 91, 9022-9026. )T*&£ 0 LfrU £tl£>©^&£ 

vmte^ffi^mm-ftSiKztz&b, mm^titz^^mmit^titzmm 

SlB^JMl5c©^PiT^m^niC< V^i:v^o^^)$)S(Sumikura, K. et. al., N 
ucleic Acids Symp. Ser., in press. ) 0 

^ @ffi-£fd«£(Fodor, S. P. A. et. al., 1991, Science 251, 767-773. )T*& 
^©**M±T"£/fo£^oTM/fott©*/l\£^* D >;7U ^rStt^lS^JJiifti 

^-(Kauffman, S. A. & Macready, W. G. , 1995, J. theor. Biol. 173, 427-4 

f - < ©ie?'J£*fcffiET- £ & & ©©*# £ *vfciE?y#gii& & ^ ^ t < ^ 

tlloo -££T\ iE^J^P^©*©-^©^©^*^?'!^!!^ *©*£!! 
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\)MLTmMM£%.'3^X®< ^?^&##3i£ftfc(Yokobayashi, Y., 1996, 
J. Chem. Soc, Perkin Trans. 1, 2435-2437. )„ £©M#Mti&t:H£ s iH 

u & & n n tz mm © s mm t u t © « « t> ft v ^ % * e> ft s „ 

©ffl#&&&*fc^5flit£?To;MYokobayashi, Y., 1996, J. Chem. Soc, P 
erkin Trans. 1, 2435-2437. ) c £&(DMib£.%^Xtt:* mmz& Ltzj&fcTOM 

{bLfcfc©T-& 3 (Forrest, S., 1993, Science 261, 872-878. ) c 3te$jT;i>=f 
'JXAlCfc^Tttx Ms mif£t±T\ jte^CBAZ:Tfc-$l©X^!j©^{C 

JS-rc:^{3j;oT, £^J©*££gi$mofc&©^ji<b£-i*T«8><o 

£s lffitt&fc!3 24K?!J> 6tttttfcfefcoTik<T^3o fflSrSte©¥i$MIM 

«$lffi^©fii:OTtt^©fi©J:b^l.03T»$)0> «i:A^&toe>&^:*;#s 
T-fe^feo ^©^i:^f> N ^*©jtfE^T;i/ifUXA(i=&1t^©rSt4©¥^i© 

%ga©fflg 
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^©xaryytC^frftTiJ-h'^tlTUSo ^^VX"!!.^ x*y>#* 
>;^K©ii{b©S*J.n^ hT*feDs > h p Xixdf-v >OtU (x* 

!8(de Souza, S. J. et. al., 1996, Genes Cells 1, 493-505. )T*fe3 0 HP£> 
±J&ii5itlS^Mail©&3 KLT^£x*y>£:|l]l;*)©#s ffi 

afftu M<l@^^lxst>*xhv^a^<^(7)^v^^6MtMm 

£tlT£!3(Sudhof, T. C. et. al., 1985, Science 228, 815-828.), x*y> 

;mz&*3--v htLx, ^mftmfr&bitzt^zmt-r x*y 

*mmti\Z, ;r©x*y> • */*7 V>?£<,^Mi©;<#^XAfc:aiU 
^Ax^tiff -5ci:$a*i:-ri) r->t7ij>yii§j h^-5#^!8at&£ga£g 
^&#^©^b£frfc>-&3;:2:#T*^ tot, £ D»*Wt*lllttia^4tt 

(1) &T©xg£^tr, Mt4©iSv^^'J^7•^ KX(±W^^mi--5^^ 0 

(a) siucii&£i£?ij£;gir3^!&©tf u^r?- Kxra^^^t, 
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(c) (a) T"£j&£ftfctf D^7*^ KXttttlftSJSUSftfcJteb-r^ffiN-Jt 

u 

(e) r.>^ 7 i;>^. ^^^^.j-j cjR-fS^U^^ HXttttttS^riEU 

(f) II (e) T-&&*ifc*U^7?- PXfttttCo^t, £££1*1 (b) 
ftl^LXg (e) &ffift©[I|»|ft Dig-To 

(2) Ig (d) t&^Ts ^ * 7 U > T^f 7 £ t lZ £ t) ?# t> ftfcE8IS WT 

Wftf^fifct r v^7>;>^*- 5-f:79»j-j Ad £1-3, (l) 

(3) f$£©K?!j£, 11(c) tislt-5-j£W±©«ti[S*f SE^Jh-TSx 
W*iI2IB»©£&o 

(4) H (d) {c:fc^T\ S' + 7U>^SfT'5ci:t:J:D#f,iifcEWCD / J>«: 
<fcfe l^CttLTs Bfc&&*R*#PXfcE*Jfcftfi)SL r ^>^7'J>7-- v 
^7*7 'J -j dOX^h^Milt^ (1) lB«©£?£o 

(5) xg (d) £:fcv>T\ -So«ffi£t±©fflM©*-c^-v7 u >t*£*t -5 
ii:*^faJ:1-Ss ( 1) ~ (4) ©VNrn*»fc8Btt©^?*o 

(6) II (d) Ci3^T\ -^©JSffitt±Offlflc*jlt, ±fl-fre>Tffit3ft» 
©?>-7*i:u **i^ft©7>-7W?r 7 u zbZftWLtt 
5. (5) IBtt©*?io 

(7) (i) - (6) ©v^rn*{ciB«©»^t<fct)#^n-^JiJi±©5ijt&a-* 
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U^7*f- K£-^T&t-Boci£(Merrifield, B., 1986, Science 23 
2, 341-347. )XttFmoc&(Gorka, J. et. al., 1989, Pept. Res. 2, 376-80.). 
mmiZ-D^T&*Z*T K h&(Itakura, K. et. al., 1984, Ann. Rev. Bi 
ochem. 53, 323-356. )^ £ ffl I a 3 CI £#T-# &<> 

(Dm%.lZ&t)#.fe$tiZ >0 @\z_& s tfU^.7?- \<(DMfoJg.b tttis aias^t 
Wt-SI£^ttX{iin;»HJ:UTO?S14^^$)lf iy#&ELISA&(Creigh 
ton, T. E. (Ed), 1989, Protein Structure. A Practical Approach, IRL Pres 
s.)X&BIAcore(Griffiths, D. G. & Hall, G., 1993, Tibtech 11,122-130. )lc 

mmmz&^mmzwmtzmmwi&^ttfrtfbn, s^fmisA^ BiAcore, 

JU3lV)IS/7 h&(Latchman, D. S., 1993, Transcription Factors, IRL pres 
s.)££tK £fc&#f£$f#$^;i/£^fc;Si£(Santoro, S. W. & Joyce, G. 
F. , 1997, Proc. Natl. Acad. Sci. USA 94, 4262-4266. )Xi±m^U*iM Cantor, 
C. R. & Schimmel, P. R., 1980, Biophysical Chemistry, Chapter 12, Freem 
an.)lc£!3, MfeT&ZtttT'ZZo 
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k ^L<it±mo%up^xm\ mizu£b<&±ms%im-zfioo tztz 
om^m^iy^y u >^fc'i>»oiB2nioiB(Oismfl?j'>-fr7 u >7*£m*tlt 

biz^n^tzun^t^^^^y^ ?x\mmti±mmiz s ^Mommz 

IS?'J© i"M3£j^j hiis ^©iSWiov^ IH|-ffitt©flk©ia?'J£©^ 
W&<D& £ £ jji f fgflT- t) > #£©iE?'J i: IS]-t£tt©flk© * ti^e ft©KS?iJ i: © 
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m-mwrnm* rmmfej t rm±%.j tvmt&^xmmtttL, -£© 

f*:^Mt> Ji&t/fcl;T^$J©7*;i/-7*i:U ^^©TVlz-r©*-?:^ 7 

t 3 frl'nmfe* mZ |q]±£ fr £ £ # EJtH; & 4 o 

^©atjx^tc&^Tyu ti*£#*5$H i s&*u zo&yittvmmz 

ieiilS^iffl^Ftts £#mSt£it^W4LT^£&©i3|l£ftT^£o 
ttMLbftZo HP*k *$6$fc:fc^Tt±x ^S^©^^^-fx &?><$>£{b^£jfo 
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buhu k tVifc<D®<DmGfe&i (ka) (Dttzm-rm-z&Zo 

m3iz, yrjiGtui^v v <Dmfe*%.-t mx$>%o 

% m & mm ? % tz ® m & <d m 

*%wznnmiz& ^mizmmzmwrz-hK ^mitrtmrnmiz 

-f;i/7©M«<i^ (HA) J:ilott©^u^>M^i©fM^fT^to 
(1) Mt©tlI©U(:S;ofeilf-^ 

>7;i/x>if^^f;i/7©^jfiiM*^(HA)«, -i7^;i/7©!li@^>^'7K^ 
&tK 3n^^M^UT?ti©^T^^;i/7{z^t-?.m^^jl^^ti^o HA& 
550^©|^-^7i^y b/^&3Hfi$a:\ ^©#g^(±, HAlSt>*HA2h^ -5 
2-o©^U^7-^ K||^e,m^^nTV^(Wilson, I. A. et. al., 1981, Natu 
re 289, 366-73. ) D 

HAlO100M08#{Cffl^fl»^7*^h*{i N Fab 17/9^0^7 7 D-^MrEfti: 
*§£-f 5££#&£>ftT^£(Rini, J. M. et. al. ,1992, Science 255, 959-96 
5.) 0 Churchill?>(i, HAl©101~107S{3ffii-r^.^7^ M101D-102V-103P-104 
D-105Y-106A-107S)O-r^T©lT^7^B^ (Itll3fS) IZ-DUX. Fab 17/9 

iznt^-^^^Euzmiz^^xm^ ic 5 oofiSfc-eax-etiicouTatJi 
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Lfc (Churchill, M. E. A. et. al., 1994, J. Mol. Biol. 241, 534-556. ) 0 IC 

( 2 ) m&nmn 

ita, T. & Husimi, Y., 1996, J. theor. Biol. 182, 469-485.). IC5 0©a*» 
fck ^rf-Ki:ii%#OIIB©tt^je»(KA)fc:JtWt«« ESI (Churchill?, OF ig 
ure 7£&htcLTftf£) tt* D ^*©IC 5 0 ©$«=J > h D-;b - 

k©ic5 o©ai»-e»i^ fetter uto^m z=-yi?©i£ 

b*©K Afil©i:bT-£>3 i:#*T£^o 

efix^;i/^-^bOJn^t4MDio(Wells, J. A., 1990, Biochem. 29, 85 
09-8517.) o *£T\ 77^iip^5^7f K©Fab 17/9(C^T§^t6(30 

$>>MBft*£;btfJ#olBai4 (X, Y) -Cilffcx 

AAG (X, Y) = AAG (X) +AAG (Y) 
^%*.£>tl£ (fc:fcAGtt!|g£fcJ:3e*x*;^-g{b£*U AAGfc*5£ 
Wtl)7Uiiil: < t^AG©^bI$gt) . g^»KAi:ifix* 

;i/^-AG^CDM^Ii, 

KA=exp (-AG/RT) 
T*H£ti3(Aita, T. & Husimi, Y., 1996, J. theor. Biol. 182, 469-485. ) CD 
T\ ±<Dfofe<Dt> tTi&s 

KA(Iii)/KA(i4I)=exp (-AAG(ij|I)/RT) 
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KA(X l Y)/KA(S4S)=exp (-AAG(X,Y)/R T) 
= exp (- (AAG(X) + AAG(Y)) /RT) 
= exp (-AAG(X)/RT) -exp (-AAG(Y)/RT) 
= (KA(X)/KA(M)) • (KA(Y)/KA(i4i)) 

[^•V7'J>yi5lB&] 

^KOii^Jg (Fab nmztt?Z>fa&m) It, (2) EI 1 ©ffif3S-3 < 

-D(DT*; |g£ 2-2-3 fC #fj LT 3 -Q©{g*Sx^ V U ±& 8 fitt^T 

'J >^{3$.fcoTi^ ?gJi£iJS{3l:b^JUT«x^v>^aL^t-< Ufco ±{42 
fiftUzo VMTfciu lii 7 V >©-r-<T ©ffl«^fc>-£#£ D £ £ o £ UT 6 
Zttm.Ltz 0 ^tl(CiPxT^ ±&3fi{*:CD^tl^tl{3^tT, Hltf;fco£ 1J| 

tzr>zft-otzo ztz, zMmmztDtzzmmz isoi^t^x., 1000©^ 
zfi^zm&imfefamkvm^m^tzo 
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£ ft o T tl © £ [p] it < b © H ^ £ si ^ o 

(4) □>fa-^--yUl/-^3>©ISS 

It & jiifoJt©¥#Hi £ 1000 ©ISft (3 W L T L fcffls (3& 3 Mfo&<D 

fqia«*\ *7Tstm) zm®(DunfcmLT¥&iLtzm, .zznztinmLtzo 
oisft t m t r to t fcffis &nttt 1 43 s ji^©g/j^ £ loom ® stft t m t 

(5) S'JCD^f^t <£ 6 x > 7 U > 7* 
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J£0|J LTtSx * v > m s <®^P^©ji^Jg©M^ t i^OTffift (c ^ V \ 

f ' =f- (favr-3xcr) 
3£T*t^$Ufc#^©$a^ 119fift:£:&tK *> + 7 U >7l$P&©$^jj^©iS 
[HWJ 2 ] h n > tf >{c^1-^,-*MDNA©iB?iJ©gii<b 

So iii»fc^ ; f*'&j«UTaij»ft*»j3trsi:ir>'53asft^ 

(l) hD>tr>i: hD>t> • 77^?- 

i;»fc1-aft*fcttM!fe£fioT^*o 5' -GGTTGGTGTGGTTGG-3' : 1) £ 

tce^L-eoMfStt*ll^-raci:*sftlt,nT^a(Bock > L. C. et. al., 19 
92, Nature 355, 564-566. ) 0 $.tzZ(Dft?\£, 123 ©£5 fc* 2o©G-*;i/r 
f h^jitctoT^<b^ttSAZ:i*:«3i^iioTVNS(Wang, K. Y. et. al., 19 
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93, Biochemistry 32, 1899-1904. ) G 

5' -GGNNGGNNNGGNNGG-3' (NB\ A, C, G% X(iT^^f) 

fc s 20M<D* <J if 7 * b h* § ai^^ u i/t7U> ^Mtc «fc s &tatt© 

i E>ttl«©l^a%*JfflL&ll»^«-C*SBIAcore2000 (BIAcore ABft) fcffl^T 

ft -#iJIDNA£ B IAcore2000ffl O-fe > tf— y 7*± (3 * * 
h o U fR^SI^o BIAcoreClfc^Ttts SSit^tifctill:^ 

(3) i/t7iJ>^iB&©^ 

fi*0©1fi^i©20fSi*:%^Lx L£ 2: £ 3 s ±& 8f®tt&ft(D £ 

5£&ofco &3b\ E5>J©J&©l&<iH:x BIAcore2000(c J; ^xn^iitz, jiJfog© 

0-12: GG TC GG GTG GG TT GG (Wfflm^ : 2) 1299.9 

0- 8: GG CC GG TTC GG TT GG (IE?iJ#^ : 3) 1281.5 

0-15: GG TG GG TAC GG CT GG : 4) 1101.9 

0-17: GG CG GG GCG GG TG GG (IEai« : 5) 1077.8 

0- 3: GG CA GG TAG GG TA GG (EB1#^ : 6) 1000.1 

0-9: GG GC GG GTC GG AT GG (1B5U#^ : 7) 740.3 
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0-10: GG GC GG TTA GG CA GG (iE$U#-f : 8) 526.5 

0- 14: GG TA GG GCA GG AG GG (IE#l#-»f : 9) 452.3 

au&ftawfr o tz±& 2 mmx- ->t7u > ^%ff -5 c 1 1 «t d , cot 

©ioft6iMMbfc. &*>\ WTT-£^e>i(xTl#gs 2#@, 3#@©{£ 
^x^v>^(l),(2),(3)i:^-ro 

1- 1: GG TC GG GTG GG TT GG :0-12(l), 0-12(2), 0- 8(3) (1E?>J#^ : 2) 
1- 2: GG TC GG TTC GG TT GG :0-12(l), 0- 8(2), 0- 8(3) (K#l#^ : 10) 
1- 3: GG CC GG TTC GG TT GG :0- 8(1), 0- 8(2), 0-12(3) (IE?d#^ : 3) 
1- 4: GG CC GG GTG GG TT GG :0- 8(1), 0-12(2), 0-12(3) (1E5'J#^ : 11) 
1- 5: GG TC GG TTC GG TT GG :0-12(l), 0- 8(2), 0-12(3) (IBJWf : 10) 
1- 6: GG CC GG GTG GG TT GG :0- 8(1), 0-12(2), 0- 8(3) (IE3Wf : 11) 

1- 7: GG GC GG TTC GG TT GG :0-10(l), 0- 8(2), 0-12(3) : 12) 

1- 8: GG TC GG TAC GG AG GG :0-12(l), 0-15(2), 0-14(3) (IE?'J#^ : 13) 

1- 9: GG CG GG GCA GG AT GG :0-17(l), 0-14(2), 0- 9(3) (IE?!i#^ : 14) 

1-10: GG TG GG TAC GG TT GG :0-15(l), 0-15(2), 0- 8(3) (IB?'J#^ : 15) 

1-11: GG CG GG TAG GG AT GG :0-17(l), 0- 3(2), 0- 9(3) (iE?'J#^ : 16) 

1-12: GG TC GG TAC GG TT GG :0-12(l), 0-15(2), 0- 8(3) (iE5Wf : 17) 

1-13: GG GC GG GCG GG TT GG :0- 9(1), 0-17(2), 0- 8(3) (IE?'J#^ : 18) 

1-14: GG CG GG GCG GG CT GG :0-17(l), 0-17(2), 0-15(3) (1E?'J#^ : 19) 

1-15: GG TC GG GTT GG TA GG : 0-12(1 ^M£«A (ffi#l#^ : 20) 
1-16: GG TG GG GGG GG TT GG :0-12(l^g^#A (lE?'J#-«§ : 21) 
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1-17: GG CC GG TCC GG TG GG :0- 8«M£gA (iB?'J#^ : 22) 
1-18: GG CC GG CTC GG AT GG :0- 8fcgg&3*A (1B?!I#^ : 23) 
1-19: GG TG GG TAA GG AT GG :0-15fcgg£$A (IJfll*^ : 24) 
1-20: GG TT GG TAT GG CT GG :0-15«H£#A (E?'J#^ : 25) 
Z(D£?\ZLTs 5g2ffitt©20f@ft#M£tl£o Z(D$X. 1-2^1-5, RXfl 

-Abi-G&*ti*timtb<DnibZo ££s i-i t\-mm<DWiXfc&&Ltz<Dtm 
tbox'&Zo lots ^Bti immmmzmtziz&f&Ltco 

(4) mm 

W±©<fc9£LTtSft£fi&Ti9>< b. hD>t*> • 77* v—b LX%\t>tl 
T^§iS^J(5'-GGTTGGTGTGGTTGG-3'/l^J*^ : l)fcje^fc©#±<ft£c5«>S«fc 

T'^ofeo ZftbOGV y?-mmZ£<%-CfrZ>t, ±tw LfcO-12-^0-17© 

^:t\ 5* -GGGTTGGGTTGGGTTGGG-3' (iB?'J#-*f : 26) b^v, 04®£-5fcfl2 
t3offlG-A^rf h^mtfil^Sl^ixSffi^J ( l"tril8j fcl*^) £-£$U 
b o>bT>i:©^$BIAcore2000T*gl^fco Jfo+fcjfilWtf^ftO^y 77— 
(lOmM Hepes(pH 7.4), 150mM NaCI, 5mM KC1, 2mM CaC12, lmM MgCl 2 ) <Dbb, 
37 C CT\ rtriisj b h O > K>*ffiSfl?ffl**x W«fV7 h (BlAevaluation v 
er2.1/Biocore ABtt) *ffl^TW»*£ft*#«>;fci:£^ C©^TT% 7 
d b^^7©ho>t> • rtril8j fcfc«l£^ LUKDH (8.96x1 

0-8 M£t>*9. 16x10- 8 M, I"tril8j ©KDffl{±7o h^-f 7©KDffiOl. 
02{£) fc^Lfco 3^><DG—h)lTy Viz&^Xbtz<b$inZ>ffife(D%%.&(Dm 
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m$.v>mm 

(b) £j$£*ifc*U^:7^ HXtttt»©3U6ft**HS[l/^-C«lJttx 

(c) XS (a) T^J**nfc^U^rf-HXttttll*jiJfeflEtJ*li:T«ttftlj- 
U 

(d) «ttCJfeCT»i«bfcffiii*:HI , TffB^«l3SOia»)fi-tf (^7U>^) 

(e) ^t7'J>^-7^7iJ-j CcJgTStf U^r?- FXIiliMU 

(f) IS (e) T^ftfctf U^r^h*Xti:a^£o^T\ *&tlg (b) 
ftUL-Ig (e) £ffig©HI8cil Dig-To 

2. ig (d) fcifcOTs *>*7U>^£fT-5£fc(c«fcDf§e>ftfcK?ij&:ft-T 

1 13*6© 7?&o 

3. ftfeomm*. if (c) tc*»t*-^±0«tts^raE9!ii:"TSx 

4. I*i (d) tfcV^ i)>y*'rtOZt££<0mc> *lfcIE?»J©'J>& 

5. II (d) Cifewc, -S©Jll5W±cDMra©^T-v^7 U >y^fT9 
£i:£#$(i:T3s W^cJll~4©v^rti^lcf3«o^So 

6. IH (d) fcisivCs -«©«ffiJU±©ffl<*:*Mt:N ±flHp£T#fc:4£8c 

»M5fa«&©#i£o 
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SEQUENCE LISTING 

<110> KARUBE ISAO 

mm fiE* 

<120> A search strategy for highly active polypeptides or 
oligonucleotides 

<130> SEN-902PCT 

<140> 
<141> 

<160> 26 

<170> Patentln version. 2.0 

<210> 1 
<211> 15 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Artificially Synthesized oligonucleotide Sequence 



<400> 1 



ggttggtgtg gttgg 



15 



<210> 2 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
<400> 2 

ggtcgggtgg gttgg 15 

<210> 3 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 



<400> 3 

ggccggttcg gttgg 



15 
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<210> 4 

<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
<400> 4 

ggtgggtacg gctgg 



<210> 5 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 



15 



<400> 5 



ggcggggcgg gtggg 



15 



<210> 6 
<211> 15 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
<400> 6 

ggcaggtagg gtagg 

<210> 7 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
<400> 7 

gggcgggtcg gatgg 

<210> 8 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
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<400> 8 



gggcggttag gcagg 



15 



<210> 9 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
<400> 9 

ggtagggcag gaggg 15 

<210> 10 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 



<400> 10 

ggtcggttcg gttgg 



15 
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<210> 11 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
<400> 11 

ggccgggtgg gttgg 15 

<210> 12 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
<400> 12 

gggcggttcg gttgg 15 

<210> 13 

<211> 15 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
<400> 13 

ggtcggtacg gaggg 

<210> 14 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
<400> 14 

ggcggggcag gatgg 

<210> 15 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
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<400> 15 



ggtgggtacg gttgg 



15 



<210> 16 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
<400> 16 

ggcgggtagg gatgg 15 

<210> 17 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 



<400> 17 



ggtcggtacg gttgg 



15 



<210> 18 



WO 99/11818 

9/12 

<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
<400> 18 

gggcgggcgg gttgg 

<210> 19 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
<400> 19 

ggcggggcgg gctgg 

<210> 20 

<211> 15 

<212> DNA 

<213> Artificial Sequence 
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<220> 



<223> Artificially Synthesized oligonucleotide Sequence 



<400> 20 



ggtcgggttg gtagg 



15 



<210> 21 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
<400> 21 

ggtggggggg gttgg 15 

<210> 22 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 



<400> 22 
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ggccggtccg gtggg 



15 



<210> 23 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
<400> 23 

ggccggctcg gatgg 15 

<210> 24 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 



<400> 24 



ggtgggtaag gatgg 



15 



<210> 25 
<211> 15 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 
<400> 25 

ggttggtatg gctgg 15 

<210> 26 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized oligonucleotide Sequence 



<400> 26 

gggttgggtt gggttggg 
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(57) Abstract 

A molecular design method which fundamentally comprises artificially reconstructing genes by means of exon shuffle among a 
number of individuals. More particularly, this method comprises the steps of (a) synthesizing a number of polypeptides or nucleic acids 
differing in sequence from each other; (b) measuring the fitness of the synthesized polypeptides or nucleic acids on the laboratory level, (c) 
ranking the polypeptides or nucleic acids synthesized in step (a) depending on the fitness; (d) preparing a "shuffling library" of the sequences 
obtained by shuffling the partial structures among individuals selected depending on the rank; (e) synthesizing polypeptides or nucleic acids 
belonging to the above library; and (f) repeating the procedures of steps (b) to (e) arbitrary times with the use of the polypeptides or nucleic 
acids obtained in step (e). By using this method, molecules can be evolved drastically and quickly as compared with the conventional genetic 
algorithm, which makes it possible to efficiently detect functional polymers, in particular, polypeptides or nucleic acids having specific 
functions and having novel structures which never occur in nature. 
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